Synergy between sulforaphane and selenium in the induction of thioredoxin reductase 1 requires both transcriptional and translational modulation.
Thioredoxin reductases (TrxRs) catalyse the NADPH-dependent reduction of thioredoxin and play an important role in multiple cellular events related to carcinogenesis including cell proliferation, apoptosis and cell signaling. We have used human hepatoma HepG2 cells to examine the regulation of TrxRs by isothiocyanate (sulforaphane) and selenium (Se). We show that TrxR1 mRNA, but not TrxR2 mRNA, is induced up to 4-fold by sulforaphane, and this increase was abolished by actinomycin D, a transcription inhibitor. Se, in the form of sodium selenite, induced TrxR1 at the translational level, as shown by an increase in protein (2.1-fold) and activity (4.8-fold), but not mRNA. In combination, sulforaphane and Se synergistically induced TrxR1 protein (5.5-fold), activity (13-fold) and mRNA (6.5-fold). Although Se does not induce TrxR1 mRNA, Se can delay the degradation of sulforaphane-induced TrxR1 mRNA. Modulation of TrxR1 mRNA by sulforaphane was glutathione and protein kinase C-dependent, as L-buthionine-S,R-sulfoximine (a specific inhibitor of glutathione synthesis), and the protein kinase C inhibitor 1-(5-isoquinolinesulfonyl)-2-methyl-piperazine, significantly reduced the induction. The combination of sulforaphane and Se also efficiently protected HepG2 cells from paraquat-induced cell death, whereas sulforaphane-only and Se-only treatments showed very little if any protective effect. These results demonstrate that synergy can result from a combination of induction at the levels of transcription and translation.